We have provided a focus on process management and improvement as a basis for conducting student group projects. 
Introduction
This paper discusses experiences with a capstone software development project undertaken by software engineering undergraduates at Griffith University. There are two primary goals for the project: to provide students with an industry relevant software development task, and to give students experience with using, assessing and improving a set of software development processes. The project also introduces students to technology used in industry.
The need to introduce software engineering students to industry strength software development tasks is well known [1] [5] [9] [13] . This sort of project recognizes the fact that it is "important that students are aware of the challenges and proven techniques related to industrial development of software" [19] .
The course provides an avenue to increase awareness of, and allow students to apply software engineering best practices, which is very valuable in preparing students for industry [2] . The project also allows students to develop valuable industry skills such as communication, teamwork and project management [6] .
We have been lucky to receive continued support throughout the life of the course from the same industry affiliate. This has allowed each yearly intake of students to progressively add to the functionality of the same evolving piece of software in a manner similar to that used by [5] . The importance of this type of development is significant, as most industrial projects do not start from scratch [3] [5] . The development projects have been related to the development of a software product used in the testing of software.
The importance of process in the development of software is large [4] [5][16] [17] . Our course differs from most other software development projects offered in educational institutions due to our focus on process assessment and improvement in addition to the use of processes. The course described by Suri and Sebern [16] is similar to our course, but little detail is given on the results of the improvements made each year. There is also no discussion or evidence of a systematic process assessment model being used to help identify improvement opportunities.
The course applies a model-based approach to improvement, similar to those employed in industry [4, 16] . The course employs process assessment conformant with ISO/IEC 15504 [7] as the basis for evaluation, and uses ISO/IEC 12207 [8] as the basic reference model for process establishment, deployment and improvement.
In this course, each new intake of students use, assess and improve the assets provided to them the previous project team. A set of standard assets is maintained in a repository that can be accessed by students undertaking the course each year. The students take the set of standard assets, consisting of standard processes, tailoring guidelines, templates and forms, and tailor them to be appropriate for use in the current project. The CMMI [4] describe a defined process as being "a managed process that is tailored from the organization set of standard processes according to the organization's tailoring guidelines". These defined processes are then taken, with the other assets, and deployed for use in the project.
The students use the results of three main types of assessments as a basis for improvement identification: results from the previous year's final assessment, results from self-assessments and results from a mid-year RAPID assessment [12] . The improvements are made to the set of standard organizational assets discussed above, ready for the next time the processes are used.
Here we present the results for each year over which the project has been run, which allows us to see the use and improvement of the project assets by a variety of student groups on different development projects. The way in which the different groups deploy the assets is very interesting and varies greatly, and will also be discussed throughout the paper.
Project Courses at Griffith University
Information technology degree programs at Griffith University have traditionally incorporated a significant project course [10] . When a full four year program for software engineering was introduced, the project element was enhanced by incorporating a second fullyear project in the final year of the degree, in addition to the existing course. This provided an opportunity to broaden the educational goals for the program and for the course.
The generic project course was designed from its inception to incorporate quality management as a basic learning objective [11] ; in its original design, students were required to manage their projects so as to meet the requirements of Australian Standard 3563 -1988, Software Quality Management System [15] . In achieving the goal, it was expected that the groups would produce, firstly, a statement of Quality Policy and a detailed Quality Plan; and secondly, well-defined and accepted standards for the various stages of the project life-cycle.
The course has evolved over time to a focus on project management, supported by a significant suite of standards, criteria and templates for the expected work products. Students are supported by the teaching team in the use of the provided assets; teams are small (4-6 members) and each project has a unique aim in developing a solution to a problem for a client who is normally external to the University.
With the introduction of a second project-based course into the four year degree program, a design was sought that would introduce new learning experiences, and would reinforce the performance of practices seen as representing best industrial performance. The "large group" model [14] was used, with the whole class forming a single project team. Assessment has been heavily based on the use of process assessment approaches, with ratings of process capability in different processes being used as one basis for assessment of team members.
The emphasis on process management and process improvement as the principal learning focus for the course has increased with time. The course now requires the students, working as a group, to establish from existing process assets a defined process, and to apply this to the planning, executing, monitoring and controlling of a software engineering project of significant scope and complexity. At present -eight years after its initial establishment -the student group is regarded as representing a continuing organization, having a 100% staff turnover annually. The team has the following goals for the course:
• Deploy an existing set of process assets as a defined process to the project. The set of process assets has been developed and evolved by students enrolled in the course over the past seven years; Table 1 shows the contents of each Standard Process Description. Standard process definitions have been developed for most of the processes defined in ISO/IEC 12207 [8] .
• Demonstrate the performance of the defined process using appropriate measures.
• Identify and prioritise improvements to the process assets.
• Implement the improvements, including where possible, deploying the new process assets. Process Outcomes to Standard Activity The determination of student grades for the project is based 60% on the achievement of the team and 40% on individual performance. In determining the team's achievement, a formal assessment of process capability, in accordance with the international standard ISO/IEC 15504 --Process Assessment [7] is employed. Process profiles for a scope of up to 20 processes, drawn from ISO/IEC 12207 [8] , are determined. The team's achievement is that evaluated based upon the following criteria:
1. Assessed Capability Profile. This is based on the Capability Level achieved, where achievement of Level 3 in each process assessed would represent 100%. 2. Improvement against plans. This is based on a comparison between the achieved capability and the target capabilities defined in the Process Improvement Plan.
Matching the target capability in each process would represent 100%.
3. Improvement over historical profile. This is based on a comparison between the achieved capability and the capabilities recorded in the final assessment for the previous year. The comparison is based on the individual Process Attribute Ratings, not just Capability Level Ratings, and thus includes provision for recognition of minor improvements. In addition, a component addressing the team's ability to manage issues which have arisen during the year is incorporated. This is based on an evaluation drawn primarily from a PostProject Review presented by the team, together with information from regular status reports.
The critical element in evaluating the team's performance is a comprehensive assessment of process capability for the project, conducted as the final event in the year. The assessment is conducted according to the requirements of ISO/IEC 15504 [7] , and takes three days; a team of three or four members, all trained in performance of assessment and under the supervision of a recognised Competent Assessor, performs the assessment. All work products generated by the team during the course of the year -including also the archival process assets developed in previous year -are examined, and all team members are interviewed, both individually and in groups, by the assessment team. The Process Scope of the assessment is determined by the Course Convenor, and generally includes up to 20 processes drawn from ISO/IEC 12207 [8] ; ISO/IEC 15504-5 [7] is used as the Process Assessment Model for the assessment.
These processes were assessed to Capability Level of 3 (out of a possible 5). Ratings are assigned for achievement of the following process attributes (PA) as defined in ISO/IEC 15504 [7] [18]:
• PA 1. • F -Fully Achieved
From the resulting Process Profiles, the Capability Level achieved by each process was determined, again following the scheme in ISO/IEC 15504 [7] .
The principal component in the evaluation of individual performance is a personal diary maintained by each student recording details of effort productivity, quality and lessons learned from the project. In addition to this, additional information from project records, a peer review of individual performance, and an overall evaluation by the teaching team members is incorporated.
The personal diaries are important element in the ongoing improvement of the course. This is the principal mechanism used to gain feedback from the students on the operations of the course on whether the learning objectives have been met. No clear pattern of overall improvement over time is evident; however, the capability levels achieved by the teams in different years are significant, with consistent achievement of Level 3 capability in multiple processes. The mechanism chosen for the course -where groups in each year identify and pursue their own improvement targets -results in varying priorities; the availability of resources (see below) also impacts on both the extent of improvements undertaken, and the extent to which existing capabilities can be maintained.
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The results presented in Table 2 are a selection of improvements made over the life of the course. In each year, based upon their own defined priorities, the team targeted processes for improvement, based upon the achievement of a desired Capability Profile. In Table 2 , the results (as detailed Process Profiles) are shown, listing the previous achieved capability; the target profile as defined in the Improvement Plan; and the actual capability as assessed.
It can be seen that, where the team identified and targeted specific improvements, they had considerable success in meeting these targets. Comparison of these results with those in Figure 1 leads to the conclusion that this was often at the expense of maintaining capability in "non-targeted" processes; however, this was not the only reason for lower assessed capabilities. In many cases this arose because the process was not specifically exercised, because of the nature of the year's project, or because of resource constraints.
Issues and Observations
Class Size
The principal issue encountered over the time that the course has been running has been a decline in enrolments. The degree program was designed to stabilize with an output of approximately 20 graduates per year, and after 6 years, was tracking towards this target; however, from 2005, numbers in the final year of the four-year program, and therefore numbers enrolled in the Project, declined sharply. The enrolment data is shown in Figure 2 .
Figure 2 -Enrolment numbers in Project Course
The decline in numbers can be attributed to two factors: the general decline in enrolments in IT-related courses following the collapse of the "Internet Boom", and the loss of funding for specific scholarships in software engineering, that had been offered by Software Engineering Australia (Qld).
While it would be expected that such a dramatic decline in numbers would have had a major impact on the success of the course, this did not in fact eventuate; in fact, the limited resources provided the pressure needed to encourage more significant usage of the course's Process Assets. Over the last two years, students in the course have (of necessity) limited the development of new standard processes in favor of maintenance of existing standards; the Year primary focus in terms of process improvement has been to determine more appropriate development approaches and tailoring guidelines suited to small project teams.
Turnover of Personnel
The second most significant factor in the operation of the course was a more generic one, and derived from the fact that there was a complete turnover of personnel within the "project organization" at the completion of the term of the course. Since the design of the course was based around the concept of a continuing "virtual enterprise" with ongoing continuity of mission and goals, this posed a considerable problem. The turnover is inherent in the progress of the students; the key issue is to manage its impact on the use of the standard process assets. The issue was addressed in several ways.
In the first instance, a continuing relationship was built up with an external organization that acted as client for the projects. The company was a consultancy firm, specializing in the provision of software testing services. Over the period of the course, the client organization provided realistic projects in the form of internal support systems designed to interface with their internally-developed testing environments. The second key strategy was to involve previous students in the delivery of the course, wherever possible. Several graduates from the course were employed by the client organization, providing a combination effect.
Focus on the Project!
In the actual operations of the course, the most significant issue identified, has been the need to maintain a focus on the technical work of the project. There is a tendency for the students to become locked in to the definition and analysis of processes rather than focusing on the use of the process to support technical work of the project. This has reflected itself in an unwillingness to deploy processes, where the standard process assets are seen as being of inadequate quality.
A key lesson for the students from the project has been to accept the existing process assets as having value, and to deploy these and seek actively improvements in both the standard processes, and in the mechanisms for tailoring of these standards to apply to the work of the project. In the records of capability, presented above, this can be seen in periodic failure to achieve even performed capability in some of the fundamental engineering processes. Here the students were so concerned with weakness of the available assets that they proceeded basically without any process support, and as a result failed to address one or more of the basic expected outcomes of the process.
Summary and Conclusions
The results presented here demonstrate the ability to achieve relatively high levels of process capability in a student project course, based upon the continuing evolution of process assets defined and maintained by the students over successive years. The maintenance of a "virtual enterprise" and the recognition of the course as such an entity by the students is critical to these achievements.
The educational benefit of the course is seen as deriving from exposure to process improvement as a critical goal for the students, rather than as "another academic topic". Through the development of real and verifiable goals for ongoing improvement (over previous historical achievements) the students become acquainted with many of the challenges and decisions that face improvement initiatives in the wider industrial environments.
The principal threat to the future of the course is similar to the threats that impact on industrial organizations: the intervention of market forces (as reflected in the decline in enrolments). Without an increase in the number of students in the degree programme as a whole, it is difficult to see how the course can continue; this is a generic issue impacting on the industry generally, and one without any easy solution.
